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FOREWORD 

Within NASA, the Office of Aeronautics and Space Technology (OAST) has the 

responsibility for timely development of needed new technologies. Traditionally, the 

development of new concepts, new materials, designs, and engineering techniques for 

aeronautics has been accomplished in close cooperation with the aircraft industry and 

with the great American universities. On the other hand, NASA, as the primary user of 

space flight, has been its own principal customer for new space technologies. 

A new era of permanent presence in space is beginning with the Space Station. 

This permanent presence will permit and promote commercial ventures and privately 

funded research in the tradition of university/industry cooperation. 

The RT&E workshop in Williamsburg represents a significant milestone for 

NASA and the space engineering community. It marked the initiation of a long-term 

program of outreach by NASA to focus the needs of universities, industry, and 

government for in-space experiments and to begin building a strong national user 

constituency for space research and engineering. 

These proceedings represent a "first-cut" planning activity to involve universities, 

industry, and other government agencies with NASA to establish structure and content 

for a national in-space RT&E program. More interactions are needed - more workshops 

will follow. Program adjustments will be made. A truly national program will evolve, 

and its beginnings are presented here with the hope and determination needed to make i t  

a program we can all take pride in. 

- Raymond Colladay 



INTRODUCTION 

Among the purposes of the Research, Engineering, and Technology Workshop, an 

interest in validating the RT&E theme concept has some direct effect on the form of 

these proceedings. The original five themes, which were themselves a target for 

validation or recommeded changes, have become seven. During preparations for the 

workshop, the submitted papers and attendance plans made it evident that the fifth 

"theme", In-space Operations, was too broad, and would need to be split. As the 

workshop got underway, a further split occurred, brought about by the different levels 

of maturity, and needs for technology planning in several sub-disciplines. Thus, these 

proceedings are presented under seven themes. The volume of presentations, and the 

quantity of information generated by the individual panel summaries has led to the 

decision to prepare the proceedings in several volumes. 

The first volume is an executive summary and includes the summary presentations made 

by the panel co-chairmen in the final plenary session. The accompanying seven volumes, 

of which this is one, each represent a specific "theme", and include the un-edited 

original presentation material used in that particular panel workshop. Each of these 

separate "theme" volumes also include the Foreword, the general Summary and 

Conclusions, and the Chairman's presentation charts and narrative summary. Thus, each 

should represent a self-standing volume to reflect the proceedings relevant to its 

respective Panel deliberations and output, as well as the reflection in the general 

Workshop results. 
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WORKSHOP THEME 

Fluid Manaqement 

--Fuel Storage and Transfer 

--Fluid Behavior 

--Sensor Concepts 
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NASA's In-Space Research, Technology, and Engineering (RT&E) Workshop 

brought together representatives of the university community, private sector, and 

government agencies to discuss future needs for in-space experiments in support of 

space technology development and the derivative requirements for space station facilities 

to support in-space RT&E. 

The workshop provided an excellent forum for establishing an interactive process 

for building a national in-space experiments program. It enabled NASA to present to 

the user community (university and private sector) experiment concepts for NASA's 

technology development activities in support of future space missions. The meetings also 

began a process by which industry and university researchers will be able to bring their 

own TDM requirements to NASA's planning process, 

This conference reached three primary goals: first, it expanded and validated 

NASA's in-space experiment theme areas, including Space Structure (Dynamics and 

Control), Space Environmental Effects, Fluids Management, Energy Systems and 

Thermal Management, Automation and Robotics, Information Systems and In-Space 

Operations; second, it began the development of a user community network which will 

interface with NASA throughout the lifetime of the in-space experiment program; and 

third, it formed the basis for the establishment of on-going working groups which will 

continue to interest and coordinate requirements for in-space RT&E activities. 

As an adjunct to the conference, NASA/OAST announced plans to initiate a 

long- term program to encourage and support industry and university experiments. 

NASA's modest investment in this program is initially targeted for generating experiment 

4 



ideas and concepts. It is anticipated that this base of concepts will lead to cooperatively 

funded experiments between NASA, industry, and academia and thereby, begin to build 

an active in-space RT&E program. 

Several key points emerged from this conference regarding the adequacy of the 

TDM data base that should be addressed in future planning activities. First, many of 

the experiments could be performed on the ground, Le., they do not justify a space 

experiment. Secondly, many of the experiments address near-term or current 

applications and do not take into account advanced system requirements. The TDM data 

base must look beyond extensions of current programs to reflect future needs and trends 

to have an effective and useful impact on space station planning and design. This will 

require increased input from industry and university researchers and engineers. 

In order to address these concerns, it is imperative that a long-range planning 

view be taken in which industry and university researchers help NASA derive the 

technology development program. The following recommendations have been developed 

on the basis of the workshop: 

1. Development of an on-going RT&E university and industry advisory group; 

2. Continuation of in-space RT&E symposia to act both as outreach mechanisms 

and as working sessions to refine the TDM data base; 

3. Development of an RT&E information clearinghouse; 

4. Development and continuation of the new experiments outreach activity 

announced at the RT&E workshop; 

5. Development of an "impacts assessment group" which will focus its energy on 

identifying experiment accommodation requirements to impact the design of 

in-space facilities, i.e., space station and others. 

5 



If carried out, these recommendations constitute movement toward development 

of an effective NASA/industry/university partnership in a National In-Space RT&E 

Program. This will also enable NASA/OAST to have an effective voice in space station 

planning, which is essential toward the success of a future in-space activities. The 

workshop, by promoting the process of NASA/industry/university interactions and by 

pointing out concerns with the developing TDM data base has provided an important 

first step towards a successful long-term space technology development effort. 

6 
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FLUID MANAGEMENT 
SUMMARY 

Joseph F. Slomski 

Fluid management in space is required for space station, orbit maneuvering vehicles 

(OMV), orbit transfer vehicles (OTV), scientific payloads, and applications and research 

satellites. A wide range of fluids are used for these programs and applications; they 

include cryogens, storable propellants and fluids, superfluid helium and even liquid 

metals in advanced thermal applications such as solar dynamic power systems. 

Orbital fluid management technology includes both fundamental fluid behavior and 

processes in the low-gravity space environment and fluid management systems which 

incorporate specific design features to meet on-orbit fluid handling requirements. A 

very limited data base exists for fundamental fluid behavior in low-gravity, Research 

areas include free surface behavior, thermal non-equilibrium processes, multi-phase 

flow, bubbles/droplets/aerosols in vacuum and low-gravity, all aspects of the physics of 

fluids and special instrumentation/diagnostics for understanding these phenomena. The 

space station provides an excellent test bed environment for conducting basic research in 

these technology areas. This data will be useful not only in assisting designers to 

properly configure fluid systems for space operations but will minimize risks of costly 

fluid management systems where numerous fluid management technologies are integrated 

into a somewhat complex integrated system. 

Technology is generally available for storable fluid management systems; current systems 

are working in space, such as the Space Shuttle Orbital Maneuvering System (OMS) and 

Reaction Control System (RCS) tanks, and numerous communications satellites. Storable 

fluid transfer and resupply is not proven and a resupply servicer is needed in 

conjunction with the 1OC space station. Special hardware elements such as quantity 
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gaging instrumentation, diagnostics instruments, quick disconnects and fluid couplings 

require further development. 

Much of the detailed technology is not available for cryogenic systems. Some superfluid 

helium data has been obtained on a recent Shuttle Spacelab mission, and the IRAS 

mission involved the flight performance of a superfluid helium Dewar incorporating a 

porous plug space vent feature. Only small, specialty systems are operational for other 

cryogens, including the supercritical power/life support and instrument cooling Dewar 

systems which are not applicable to the large scale required for OTVs and their 

associated space depots and resupply tankers. 

Experimental programs, including systems demonstrations, are needed to provide the 

appropriate design data base. Scale-up of experimental results to the large space-based 

systems is an important technology issue, as is long-term space operation. Safety, 

reliability, and maintainability are important system life cycle cost issues which have a 

limited data base for reusable system design and operations definition. The timeliness of 

experimental programs in these technology areas is keyed to the IOC and growth space 

station concepts and configurations; some fluid management technologies may need to be 

addressed now to impact Phase C/D space station design or influence SCAR for the 

growth station. Other technology investigations must be appropriately timed to support 

customer utilization at the space station and on the co-orbiting platforms. 

9 



W cn a m 
a 
a n 
t- 

I 
W 
2 a n 

cn 
I- 
2 a 

a e 
0 
b 

U 
W > 
0 
I 

W 
0 
2 a n 
2 
W 
t- 
t- a 
0 

cn * a n 
N 

cn 
U 
W e a e 

I 

cn 
2 
0 
i= a 
I- 
2 w cn 
W 
U e 
0 

0 
I- 
n 
n 
n a 

W 

cn 
I- 
2 
W 
E z 
W e x 
W 
m 
r 

I 

w cn a m 
a 
n 2 
0 

10 



# 
W 

m a 
U 
0 
I- 
# 

cn 
m J  

I- 
W z 
a 

11 



W 
c3 
0 -' 
I 
0 z 
x 
c) 
W 
I- 
W 
c) a n 

W > 

> 
i= a 
01 z z - 
a I I  
W 
I- 
O n 

1 
I 
LI 
I 

I- z 
W 

a 

a n z 
1 
LI 
LL 
0 

W z 
0 

W 
W 
U 
L 

(3 
Z 

A 
LL 

v) 
I 
W 
U 
I- 
v) 

n 
3 
c) 
2 
W 
U 
3 
v) 
v) 
W 
U 
e 
U 
0 e a > 
W 
k z 
E 
n 

s 

a 

I 

a 0 

L a  on 

I - 0  'I 

v) 
W 
(3 
0 
J 
0 
Z 
I 
0 
W 
I- 
J 

I- 
Z 
W 

- 

a 
B 

5 e 

U 
I a e 

n 
a 

W 
U 

z 
I- 
Z 
W 
I 
I 
v) 

m 
U 
3 
L 
W 
U 

I 

L 
0 

cn 
Y 

w 
J 

a 

n 
3 
c) 
3 
U 
W 
I 

I 

5 
n 
a z 
z 
W 
(3 
0 * 
U 
0 

0 0 0 0 0 0  

1 2  



z 
0 
F= a 
N 
,I 

I- 
3 

U 
W 
I 
0 
I- cn 
3 
0 

I 

I 

I 

a 
a 
W 
U 

I 
0 
U 

,I 

c z 
W 
I 

z 
3 
L 

a 

a n 

x x  x x x x  

x x  x x x x  

x x  x x x x  

x x  x x 

x 

U 
0 

I 
W 

W 
0 
LL 
U 
3 
v) 

W 
W 
U 
LL 

5 a 
m 

a 

v) 
-’ 
0 
v) 
0 
U 
W a 
3j + 
W 
J 
n 
0 
U 

13 



x x x  x 

x x x  x 

x x x x 

x x  x x x x 

x e* x x 

tn 
W 
(3 
0 

II 

14 



n 
b 
00 
Q) 
F 

CL 

0 
J 
L 0 

Q) 
I 

Y 
0 

Q) 
F 
I 

(D 
00 
Q) c3 

Q) 
Q) (3 

(3 
a F 

cu" 
Q) 
Q) 

I- 
I W 

U 
>. 
v) 

>. 
A 

3 
v) 
W 
U 
v) 
W 
A 

e e 

m a 

I- z 
W 
I a 
z 
I 

z 
U 
W 
I + 
z 
0 
F= a 
I- 
v) 

W 
u 

v) 

W 
v) 

I 

a 
a 

a J 

a e 

a 
e 

5 -m- 
00 
Q) 

n 
d 
00 
Q) 
7 

L 

W 
J 

U 
m a G 

0 
0 5 a 

U 
0 z 3 

W 
J 

0 c W n I= z 

W 
Q 
z 
B 

! 
a 
a 

L 
v 

I 

I 
W + 
v) 
>. 
v) 

>. 
A 

3 
v) 
W 
U 
A 

e e 

a 
k 
m 

I- z 
W 
I 
W 
(3 
z 
I 

3 
J 
L 

W 

a 
a 
n 
I 

s 
3 
v) z 
0 
0 

I 
3 
I 

00 
00 
Q) 

w 

3 
I- cn 

D 

n A 
W 7 

I (3 

n x 
W 

I- 
L 

U 
0 
W 
0 

v) 

a 

a e 

n 
m 
W t 

0 
F: a c 

2 
0 
F= a 
I- 
2 
W 

t- 
v) 
W + 
I 
U 
W c 
z 
0 
A 

& 

I QI 3 
ml 
L 

0 
z 
w 
Q 
0 
). 
K 
0 

I 

W 
I L 

v) z I 

U 
W 

x 
W 

e cn e 
0 
0 

a 
U c cn 

W 
J 

U 

m a 

m a 
J 

i) 
W 

2 
W J 

m A 
t- 
a 
z 

z 
3 
3 
W 
I 

2 
2 

a 
U 
0 + 
v) 

W 
0 

v) 

a e 
n 
I 

3 
A 
L 

I cn 
0 > 

0 
0 cn 

U 
0 

U 
I- cn 

n 
m 

3 
J 
L 

- 
J 
W 
I 

I- O 
I- cn 

cn 
2 u 

0 W 
I I I I I I I I I 

m 

0 0 0 0 0 

1 5  



Z 

W 
Y z a a 
I- 
O 

ul z 
01 
i= a n 
2 
UI 
E 
E 
0 
c) 
W a 

cn 
0 z 
W 
n * 
(3 
0 

W 

2 n 
A 
0 t 
I 
0 w 
I- 
n - 
3 ' 
LL 

0 - z 
W 
(3 
0 
U 
0 
W 

2 
U 
W 
A 
W 
0 
0 a 

I- 
Z 
W z 
Pe 
e W 

x 
W 

U 
W 

a 
I- 
2 

8 8  

U 
0 
LL 

cn n 
W 
W 
2 
W > ' 
0 cn w 
U 

z 
0 

c cn 
w 

F a 

0 z a  

I I  

U 
0 
l i  

E n - 
3 
A 
LL 
A ' a 
w * 
I- 
A 
- 
G a 
LL 

I 
0 
U 
W cn 
W 
U 

a 

nz -0 3- 
'I- 
L R  

L 

w n  
ncn 

W .  

W Z  
n w  

I-2 
W- zcn  
EE 

n -0 
SI- 

0 0 0  0 0 0 



0 cn 
5 n I- 

I 
(3 
J 
L 

U 

- 
cn 
2 
0 
L 
Q n 
2 

0 
L 

cn 
m J  

W 
2 a e 

)I 
t- 
W 
L 

cn a 
2 

cn 
I 
t- 
2 
0 

W z s z 
W 0 

0 
W 

0 
F: a (32 

$2 oz 
: 
t- 
W 

Z - 
U 

(3 Y 
0 (3 w m Q 

W 
W 
L 

m 
n 

2 
0 
F 

w 
E 
e 
3 

io a a w 
t- 
Z - 

I- cn 
Q 
0 

3 
0 

0 
L 

I 

0 0 0 

17 



pe 
W 
W z 
(3 
2 
W 

- m a 
J 

s 
U cn cn 

E 
U 
a 

z 
0 
F 

J I 
LL a z 

0 
J 

2 
a (3 

2 

cn 
W 

F 
z 

a n z 
W 

(3 
0 0 

u) cn 
W 
U 0 o 

W 
z 
0 0 

U 
e U 

W s 
2 
0 
F= a 
E 
U 
0 
U 

a 
E 3 

cn n 
a 

a 

2 

cn 
E 
U 
(3 

U 
W > 
2 
3 
I- 
2 

- 
2 
0 z - I- o 
U 
W 
I- z 

a 

- 

I- o LI 
0 W 

cn e 2 
0 
i= 

2 
0 
F= a 
U 
W e 
0 
0 
0 

0 
7 

W 

0 
e PI 

a 

a 

W 
N 
2 

(3 
U 
0 

- 
cn 

W W  
a 
2 
z 
W 
v) 

- cn 
I 

0 
0 
a 

3 
5 
W 

OL 
a0 
ecn 
0 

0 
U cn 

E 
0 

W 
U e 
0 0 0 

18 

~ 



THEME 

PRESENTATION 

ivl AT E R 1 A L 

# 

I 

1 9  



20 



5 U 

52 7 

t- o w 

0 

D 
0 
PI 

a 

m 

a 
m 

w a 
Q 

k 
LL 
0 

* +  

r 

a n n a 

0 
4 
0 

L r 
L 
0 

2 
0 

e F 

* *  

cn w 

+ *  

21 



22 



E a 
n 
3 w 
U 

ml 
0 
PI: 
I- 
I 
0 
0 

z 
0 
i- 
m 

a 

to 
l- z w > 

23 



2 
0 
I- o w 
I- w 

U 

n 
w cn D a  0 -  

U 

lL 
0 

z 
0 
I- 

z 
0 
0 

J 
t 
91 

t- 

m 

E; 

a 

Y 

a z 
a 
a 
)I 
I- 
i- z 
3 
Q 

- 
a 

u 

a 

n 
5 
i 
Q 

w z 

U w 
L. cn z 
U c 

i 

a 

A 
ml 

W 
PI 
W 

i2 

z 
W 
P z 
0 
0 z 
0 z 
L. 
0 

a z 
I- z 
W > 

m 

24 



n 
L. L 

0 3 
A 
LL 

L) 

a 
0 
IL 

u 
v) 
7 a 

I 
3 
0 

e 
w 
t- 

u 

W 

a 

a 
W 

2 

21 
W 

az w > 
u 
Q) A 
a 

0 
I- .+ 

4 
v) w n W 

v) 
L..( - e 
w e x w 
W 
A 
m 
5 
W 

t- 
3 
-L. m -  

m w 
v) 

e 5  
- -  

= I -  
W I  
> c 3  L 
w -  
m A  

L 

o w  L L w  e 
L I  
a t -  

a 
-1 

w o  
N 7  
W 

A -  
- 0  
I- .  

I I I I I .. 
I 
V e 
Q 
CL 
z2 
a 

25 



26 



w 
0 
z m  

W 

27 



e. 

Qb a 
W 
t 
W s < a < 

< a 
W a s 
W 
t 
Y z < 
t 
A < 
c' 
i 
m 

W a 
3 
Qb 
Qb 
W 

Q 
Y z < 
t 

< z 

a 

if 

c 
W 

< 
W 
0 < 
LL 

W 
t z 
> 
4 

a 

a 

0 

I 

Q) 
W c < 
z 
0 

< 
Qb z 
W 
0 z 
0 
0 

a 

c' 

W 
Y 

28 



.e 

v) 

5! - 
l- o w 
3 m 
0 

0 
\ 

f- 
0 
w 
J 

w 
J 
L 

- 
a 
a 

m 
2 

). 

l- z 
w z 

m 

k! 
m 

v, 
0 

z >. 
0 x U 
i= 
w a 

f a 
n 

Y 

i i  

a 

a 

a 

B 
Y z 
l- 

A 
z: 
U w 
w E 

29 



v) 
W 
J u 3 e e 

v) w 
a 

a 

c z 
0 
V 

>- 
A e e 
v) w 
a 

a 

L 

n 
=) 
J u z 5 e e 

v) 
a 

I )  

v) n 
a L. 

.J 
LL 

n 
L 

5 e e 
v) 
a 

a 
A 
L 

u 
z w 
W 
0 

V 

L 

2 

Y 

v) n w 
LL A u \  - w  

zc3 w u  
0 0  ).e 
u > r:a 
c w  v)z > - w  
v ) \  
m z  
v ) -  

v) 
= A  
0 3  

w a  

a c n  

w a  

a o  

i =% e a  c e  
v) 

_ -  
I n 

a c  - v )  = 
A 
LL 

w e  a z  o u  
> A  
CLA 
u w  e 
w o  
- e  
A \  
dv) w c  c z  - e  
v ) A  
0 a 0  z u  a \  
v) 

t a  

u 0 -  
V w e  z w  

LL 
0 

I) 

z w 
c3 
0 
>- 
u 
LL 
0 

a 

- w  Z e  
w o  
o e  
> - \  zv) u c  

w 
v)o 

\ 
av) w e  
c n z  

w a  

S S  

s z  

c I) 

Y 

c 
c 
I 

m a 
? 
0 

.J 
4 c v 

w 4  u w  e =  e 
v) 

w x  u a  z e  
v) 

I )  

X w 

0 0 0  0 0 0 0 

30 



>- 

31 



= = 
n 
-1 
w 
I 

Q. 
0 
I 
cn 
Y 
U 
0 
3 
W 

rtr 

I- . 
W 
o 
4: 
Q. 
CA 

z 
H 

H . 
0 

00 

CK 
W 

H 
1 

m 
0 
I- 
o 
0 

CK 
w 
I- z 
W a 

-I I 
W 0 
I- a 
I- < 
H W 
x cn 

W 
oz 
W 
I- 

C 

Q: 
v3 
Q: z 

32 



HELIUM T R A N S F E R  I N  S P A C E  

OBJECTIVES 

THE O B J E C T I V E  I S  TO D E V E L O P  AND D E M O N S T R A T E  T H E  T E C H N O L O G Y  R E Q U I R E D  FOR T H E  

O N - O R B I T  R E S U P P L Y  OF L I Q U I D  H E L I U M .  S E V E R A L  P L A N N E D  NASA M I S S I O N S  WOULD 

B E N E F I T  B Y  B E I N G  R E S U P P L I E D .  THOSE I N C L U D E  SIRTF, AXAF,  LDR, SUPERMAG, 

GP-B, HST, AND P I R T .  THE P R O P E R T I E S  OF L I Q U I D  H E L I U M  ( E S P E C I A L L Y  I N  T H E  

S U P E R F L U I D  S T A T E  B E L O W  2.2 K )  ARE S U F F I C E N T L Y  D I F F E R E N T  FROM T H O S E  O F  O T H E R  

CRYOGENS,  T H A T  A S E P E R A T E  D E V E L O P M E N T  E F F O R T  H A S  B E E N  S T A R T E D .  THIS I S  A 

J O I N T  ARC, GSFC, JSC E F F O R T .  THE G O A L  I S  TO H A V E  A S E R V I C I N G  K I T  R E A D Y  B Y  

T H E  M I D  TO L A T E  1990's. 1 
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Figure 1-14 Replenishment on Space S t a t i o n  
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HELIUM TRANSFER I N  SPACE 

E X  P E R  I M E NT DE s c R I PT I o N 

I T  I S  PREMATURE TO D E F I N E  A SPACE S T A T I O N  E X P E R I M E N T .  A L T H O U G H  WE E N V I S I O N  

THE F O L L O W I N G  E X P E R I M E N T S  COULD B E  NEEDED. 

- E F F E C T  OF SMALL  G R A V I T Y  G R A D I E N T  ON C O N T A I N M E N T  AND A C Q U I S I T I O N  O F  
, 

LOW SUFACE T E N S I O N  F L U I D S  
I - S Y S T E M  V E R I F I C A T I O N  

DEV EL  o PM ENT S T A T  u s I 

- h'ORKSHOP H E L D  8 / 8 5  

- HITCHHIKER E X P E R I M E N T S  UNDER DEVELOPMENT 

- SUBSCALE TECHNOLOGY DEMONSTRATIONS 
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EXPERIMENT 

PROPOSED FLIGHT DATE - / P P L  YEAR 

OPERATIONAL DAYS REQUIRED - 

MASS - 3 2 0 0  KG 

VOLUME: 

STORED w -- X V  L J m  X H  1-7 -  = zr M3 

M3 DEPLOYED: W - xD d A( x H  1 . 7 m  = 2 2  

INTERNALLY ATTACHED (YESjNO) 
EXTERNALLY ATTACHED yes (YES/NO) 

ORIENTATION (inertial, solar, earth, other) 

FORMATION FLYING No (YES/NO) 

/1. rC. 

EXTRA-VEHICULAR ACTIVITY REQUIRED 

SET- UP: 2 Hrs/Day f No. of days 

OPERATIONS: Hrs/Day No. of days Interval 

SERVICING: 2 Hrs/Day 1 No. of days 7 0 0 Interval 

INTRA-VEHICULAR ACTIVITY REQUIRED 

SET-UP Hrs jDay No. of days 

OPERATIONS: Zq Hrs/Day 3 No. of days TbD Interval 

SERVICING: Hrs/Day No. of days Interval 

POWER REQUIRED: 

0. / KW AC or@circIe one) 

zq Hrs/Day 3 No. of days 

DATA RATE 0.5- Megabits/second 

DATA STORAGE: O D  Gigabits 
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Boulder Division 

EXPERIMENT TITLE: Lbng Term Cryogenic F lu id  S torage  

PROPOSED FLIGHT MTE: 1992 YEAR 

OPERATIONAL DAYS REQUIRED: 1 8 2 5  Days ( 5  y e a r s )  

HAS s: 3200 KG 

VOLUME: 

STORED: W 3.4 x L 6 . 1  x H 4.6 = 9 5 . 4  H' 

DEPLOYED: W 3.4 x L 6.1 x H 4.6 - 9 5 . 4  M3 

EXTERNALLY ATTACHED ( Y E S  /NO) 
FORMATION FLYING (YES / E) 

IKT WNALLY ATTACHED ('YES / N O )  

ORIENTATION ( i n e r t i a l ,  s o l a r ,  e a r t h ,  o t h e r )  Not C r i t  i e a l  

EXTRA-VEHICULAR ACTIVITY R EqUIRED: 

s ET-UP : 4 H r d D a y  4 No. of Days 

.. 
OPERATIONS: -- Br siDay -- No. of Days - i n t  e r v a i  

SWVICING: 8 H r  s/Day 1 No. of Days 2/yr I n t e r v a l  

INTRA-VEHICULAR ACTIVITY REQUIRED: 

s ET-UP : 8 Hr s/ Day 5 No. of Days 

OPERATIONS: 1 m S / h y  1 No. of Days 1 wk I n t e r v a l  

-- NO. of Days -- I n t e r v a l  S WVIC ING: - Hr s/Da p 

POWER REQUIRED: 

2 Itw AC or E (Circle h e )  

24 Flrs/Day 1825 No. of days  

DATA RATE: 1 B i t / S e c  Megabits/eecond (To Data Storage)  

DATA STORAGE: 1 Megabit Gigabi t  s 
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FACILITIES FOR DEVELOPING A LIQUID STREAM SPACE TECHNOLOGY 

E.P. Muntz  
and 

Melissa Dixon 

University of Southern California 
Department o f  Aerospace Engineering 

University Park, Los Angeles, California 90089-01 92 

Presented a t  NASA In-Space Research, Technology and Engineering Workshop, 
Williamsburg 

October 8,9,10, 1981 

OBJECTIVE 

Facilities necessary for the investigation of several proposed uses of free-flying 

liquid streams in space are outlined. Extensive in-space development of the technology 

is anticipated before useable space systems could be designed. 
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BREAK- UP AND COALESCENCE OF AMPLITUDE 
MODULATED CAPILLARY STREAM 

t I t2 - t6 
i 

TIME 

+, 

'2 

t5 000000000000000000 

t? 0 0 0 0  
Arrows represent motion relative to V, 
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PLAUSIBLE ESTIMATES OF THE DIRECTIONAL AND DROPLET TO 
DROPLET SPEED STABILITY BASED O N  PRELIMINARY 

EXPERIMENTS AND ANALYSIS 

o DROPLET STREAM DIRECTIONAL STABlLlTV OF f 1 p  radian 

o DROPLET TO DROPLET SPEED STABILITY OF f 5 x 

o THIS PERFORMANCE ACHIEVED FOR STREAMS A FEW HUNDRED p m  
DiAkSETER iiv'iTH LiCiuiD VAPOR PRESSURE UP TO ABOUT 1 TORR. 
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REQUIRED AREA OF STREAM COLLECTOR (m2) 

52 



I 

n 

E 
Y 

10’ 

io6 

Q, - to4 
0 
C 
0 
Y) 
c .- 
0 

!03 
01 
C 
CT 
.- 
L 

r” 
IO2 

10 

6’ velocity dispersion ----- E E 466 velocity dispersion 
6’ velocity dispersion ----- t 

I 

E c /- 
/- 

t- 

0 
/ 

0 

0 -  
0 

- / 
0 - 

0 - 0 
0 

0 I I 

Droplet Diometer, d 
1b;m 10Opm lmrn 1 cm 

53 



EXPERIMENT DESCRIPTION 

Space Applications of Controlled Free-Flying Liquid Streams 

o Have identified potential uses for free-flying liquid streams in space. 

o Many of these proposed liquid stream systems would require extensive space 
experiments during their development cycle. 

o Initial consideration of the control of low and finite vapor pressure liquid 
streams in space, along with potential applications, are presented in  two  
references: 

1. E.P. Muntz and M. Dixon, The Characteristics, Control and Uses of Liquid 
Streams in Space' AIM-75-0305, 1985. 

2. E.P. Muntz and M. Dixon, 'Applications t o  Space of Free-Flying Controlled 
Streams of Liquids', AIM-85-1029, 1985. 

Ranked List of Applications 

(from least speculative at  top to most speculative a t  bottom) 

o Space construction, refurbishment and repair 

o Liquid thrusters 

o Liquid droplet radiator 

o Material transport 

o Plsnetary gas scavenging 

o Aeroassisted deceleration 

Demonstrated Liquid Droplet Stream Performance Parameters 

o Directional stability, f 1 p radian 

0 Drop to  drop speed stability, +, 1.5 x 

o Drop spacing up  to about 20 drop diameters, corresponding t o  a non- 
dimensional wave number (ko*) of about 0.02 (koa = nD./A) 
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FOLDED FRAME FOR 
DROPLET SHEET GENERATOR (Os= 5 0 m )  

GENERIC OTV ILLUSTRATING 
INSTALLATION OF DROPLET 
AEROBR AK E 

OTV MAIN PROPULSION 
SYSTEM 

DROPLET SHEET RECEIVER 
DROPLET SHEET 
GE N ER AT0 R 

DROPLET SH 
REC E I VER WHERE 

DEPLOYED DROPLET AEROBRAKE 

DRAG DUE TO 
INTERACTION OF 
DROPLET SHEET WITH 
ATMOSPHERE ACTS ON OTV 

FOR i0’kg OTV BRAKING FROM 10km/s TO 8km/s 

IMPACT MEAN 
ALTITUDE MOMENTUM FREE PATH 

(km) (pv2,  WrT? 1 (m) 

120 4 1.5 

i40 6 x  id’ i 0.0 

SHEET LlQU I D 
SIZE, 0, SHEET MASS TEMP 

50 1 x IO2 730 
150 1 xio3 450 

(m) ( p , = l ,  kg) ( O K  1 
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SPACE FACILITY REQUIREMENTS 

Near Term (STS arb- aab) 

1. Enclosed flight tube approximately 1 shuttle bay long rnd up40  1 m diameter 
for initial low g tests of stream generators and receivers. Enclosure is light- 
weight and only used t o  contain stray liquid. 

2. Folded flight tube for propagation experiments up to 100 m. 

3. Unprotected flight up t o  a few kms wi th  a small free-flyer (GAS can 
launched?) as stream receiver. 

Longer Term (Space Station) 

4. Prototype and demonstration systems for  repair, material transport and 
propulsion - with possible requirement for molecular shields in initial tests. 

5. Possible test of L.D.R. performance. 

Longer Term (Non-Space Station) 

6. Tests of: aeroassisted braking and planetary gas scavenging. 

SUMMARY 

o Basic facility for initial development work is  an instrumented, (video and other 
optical primarily), up to 100 m long, 1 m diameter flight tube held a t  ambient 
pressure and with capability of being selectively exposed t o  optical and 
physical local environments. Details could be worked out but not completed 
a t  present. 

o Other requirements would depend very much on specific use being 
investigated so that it is difficult ' t o  identify generic requirements without 
further study. 
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EXPERIMENT -E:- CRYOGENIC PROPELLANT TRANSFER, STORAGE AND RELIQUEFACTION 
T D f l X 2 5 7 2  

PROPOSED FLIGHT DATE - JANUARY 1993 YEAR 

OPERATIONAL DAYS REQUIRED - 31 

MASS - 3300 KG 

VOLUME: 

STORED: W X L  x H  I M3 

DEPLOYED: W x H  

INTERNALLY AITTACHED NO (YES/NO) 
EXTERNALLY ATTACHED YES (YES/NO) 
FORMATION FLYING rio (YESINO) 

ORIENTATION (inertial, solar, earth, other) NOT C R I T I C A L  

EXTRA-VEHICULAR ACTIVITY REQUIRED: 

SET-UP: 3 Hrs/Day 1 No. of days 

OPERATIONS: Hrs/Day No. of days Interval 

SERVICING: Hrs/DaY No. of days Interval 

INTRA-VEHICULAR ACTIVITY REQUIRED: 

SET-UP: 8 Hrs/Day 2 No. of days 

No. of days 6D Interval OPERATIONS: 8.5 Hrs/Day 6 

SERVICING: 2 Hrs/Day 29 No. of days Interval 

POWER REQUIRED. 

1 . 5  KW AC or DC (circle one) 

74 Hn/Day 79 No. of days 

DATA RATE: 1 .2  Megabits/second 

DATA STORAGE: 2.16 Gigabits 

66 



67 



n phased wrap reduce %e number 9 h n k  pmeh+ions? 



69 



I o u  

70 



w 
0 
U t- z 

w 

0 
3 
I- 

N 

n w 
t- 

u, 
LL 
0 
v) 
ZE w c 
in 
>- 
v) 

J 

w 
ZE 
t- 
OZI 

oi 
Q: w 
J 
0 
3 z 

I- u 
w 

5 
0 
v) 

Rc 
w 
t- z 
w u 
I 
c! LL 
Q: w 
v) w 
CL 

v) 

3 w 
J 

U 

71 



t w 
I- 
v) 
). 
v) 

v) z 
0 v) 

Y 
> 
I- 
U 

I- z 
w 
E 

Y 

I- 
U 

>- 
-I 
-I 
4 
I- z w 
2E 
cz 
w e 
x 
w 
v) 

I- 

U 

U 

cr: 
0 e 
4 > 

i s 
W 
0 
01 

n z 
0 
V 

cz U 
cz 
w 
x 
W 

e 

t: 
U 

cz 
w > 

w 

e 30 
W 
I 
I- . 

u 
x U 

n 
). J 

-I 
d. 
E 
v) 

w u e. e 
v) 

w 
-I 
V 
). u 

u z w LL 
0 i cz 

U 

V 

LL 
LI w 
w 
J 
V 
). 
V 

U n w 
I- 
4 w 
I 

5 
-I e u 
PI 
c 
Y 

3 
I- 

). 
0 z w 
0 

LL 
LL 
w 
w 
I- 
4 
3 
A 
4 

U 

U 

s 
0 
I- 
v) cz 
w 

z 
U 

0 
I- 

e 
5 

- 
01 
0 
I- 
4 
Y 

w z d e v 
n 
= 
z 
0 

U x 
W 

w 
I 
I- 

I- z 
w 
E w 

4 z s E w 
z 
4 

I 
W 
Y 

I 
W 

u 
w 
cp 

w 
01 E 

w n z 
4 

n z 
4 

3 c I- 
v) > 
v) 

4 
w 

J 
J n 

cz 
w 
-I 

0 
cp 
I- 
v) w 
I- 
4 

I 
I- 

3 
ns 
0 e 
4 > 
4 

v) 
LLJ 

U 

Y 

L 

w e 
E 
w 

I 
W 
I 

7 
U 

w z v) w 
PI e 

U 

3 
v) 

v) 
). 
J 
4 z 
4 

z 
4 

U 

n 

U 

m 
01 = 
I- 
4 

z 
W 

v) z w 
z 

W O  z u  

n 

I- 
5 U 

v) 3 E 

v) 

0 
I- 

Y 

n 

n z 
4 

w 
n 

I 
I- 
3 
W 

4 

w 
). 
I- w 
LL 
4 
v) 

U 

I- 

3 
E 

v) 

5 
Y 

W 

w 
PI 
3 
I- n w z 

c3 
U 

W z 2 
w e 
Iz 

w 
PI 
0 z 

Y 

I- 
v) w 
I- 

z 
3 
0 
PI 
W 
A 
4 
c 

n 

U 

n z 
4 

Y 

v) 

0 
I- 

z 
0 
Y 

k 
U 

PI 
V 
v) w 
n 

5 w 
E: 
ns 
w 
x w 

Y 

e 

v) w n 
e 
E w w 

J 
N 
N 
0 z 

w 
I- PI 

0 
W 
u z 
4 

0 
LL ns 
w a. 

z 
W 
cn w 

ZZ 

Y 

n 

e 
0 
9 

W m v) 

I- 

Y w z 
0 ). 

4 
E 

d 
4 t w 

E 
I- 
4 J e 

I- w 
E 

2 w z 

z 
Y ). m v) ns 

w 
v) z w 
z 
0 u 

n 

v) w 

e 
l- 
4 

e 
U 

!+ 

Y 

ns 
w e x w 

n w 
v) z 

m w 
z 
4 

x w 

n 

e 

w 
c3 t 

d n 
Y I 

V 

I 
3: 
w 

w 
z 
0 
n 

- .  

3 
U w 

I 
I- 

C( 

J u 

72 



v) w > 
I- u w 
7 

0 
I- z w 
t 
Q: 
w 
X w 

U 

U 

a 

I 
0 ce 
I- 

U 

I- +- ). a v 
w 
1 
w 

z 
0 
Y 

w 

z 
0 z 

7 n w 
Q w 
w z 

3 
0 
J 
L L  

I- 
Q: 
v) z 
w 
E7 z 
0 

I: 
=> = 
z 
U 

n w 
u cz 

n z 
4 

w 
v) 
Q: m 

U 

ell 

>- u z 
w 
u 
LL 
LL w 
w 
J 
V 
>- 
V 

W z 

Y 

Y 

N" 
Y = 
U 

0 
L c3 z a. z 

0 u 
I- 
oa 
cz 

LL 
0 

cz 
0 
a, 

U 

I- 
i- w. 
3 

z 
W 

a > ce 
w 
LL 
v) z 

I- 
I- 

I 

2 

i5 

U 

w 
I 

W z v) 
w 
n 

e 
0 

cz 
0 
LL J 

w w v) 
I: 

v) z 
0 

w a w 
I- 
v) > 
v) 

cz 

Y 

I- 
I 

0 
I- 
v) 

c 
U 

W z n z 
0 
V 

Y 

N 

E 
z 
E 

U 

U 

U 

W 
3 
0 e t 

w 
t 

> 
I- 
w 

W 
0 cz 
V 

= 
cz 

U 

2 

U 

x 
Q: E 

z 
w 
w > 

w u 
U 
ce 
w e 
x w 
v) 

I 
I- 

U 

I c 
3 
I- z 
w 
I- 
v) 

Y 

Y 

n z 
Q: U s 

w 
7 

0 

v) 

I 
I- 

v) 

a 

Y 

- 
n 

v) 
I- z 
w 
E w cz 
U 

w 

w 
z n - LL 

0 
w z v, z 

0 
V 

3 
U w nz 

Y 

x z s 
J 

W > 
I- u w 
'3 

U w cz I 
v) Y 

w cz v) 
v) w cz 

e z 
Ki 
0 z 

0 
-I 
4 
I- w 
EI 

e 
l- w e 

E 
Y 

I- < 
v) z 
w 
z 
0 
V 

n 

in w 
3 
0 
-I 

u 
U 

t; z 
c3 
4 
E 

w 
I- n 

Y 

I 
t3 

5 
U w 

I 
I- 

w 
I 
I- 

U 

I 
w 
-J 

73 



I 

I 

I 



EXPERIMENT TITLE: TWO PHASE FLU ID MANAGEMENT FOR LIQUID METALS 

PROPOSED FLIGHT DATE - 7R-b YEAR 

OPERATIONAL DAYS REQUIRED - 2 -3 

MASS - 7Bn KG 

VOI.UME: TaD 

STORED: W - X L  - X H  - - - M3 

DEPLOYED: W - X L  - xH - = - M3 

INTERNALLY ATTACHED (- 
EXTERNALLY ATTACHED (#gpro) 
FORMATION FLYING - 
ORIENTATION (inertial, solar, earth, other) s ~ f f c l  

EXTRA-VEHICULAR ACTIVITY REQUIRED: 

SET-UP: 8 Hn/Day / No. of days 

OPERATIONS 2L/ Hrs/Day 2- 3 0 No. of days - Interval 

SERVICING 0 Hrs/Day - No, of days - Interval 

INTRA-VEHICULAR ACTIVITY REQUIRED: 

SET-UP: - Hn/Day - No. of days 

OPERATIONS: - Hn/Day - No. of days - Interval 

SERVICING - Hrs/Day - No. of days -Interval 

POWER REQUIRED: 

729D KW AC or DC (circle one) 

I-& D Hrs/Day 7BD No. of days 

DATA RATE: ;rBD Megabits/second 

DATA STORAGE 779D Gigabits 
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Liquid-Vapor Flow Regimes in Microgravity Flight 
EXPERIMENT TITLE Experiment 

1 DATA STORAGE: Gigabits 
I 

PROPOSED FLIGHT DATE - 1988 (Shuttle) YEAR 

OPERATIONAL DAYS REQUIRED - 1 

MASS- 700 KG I 

VOLUME: 

STORED: W 0.4 X L  0.5 x H  0.5 = 0.1 M3 

DEPLOYED: W X L  - x H -  = M3 

INTERNALLY AlTACHED ypq (YES/NO) 

FORMATION FLYING Nn (YES/NO) 
EXTERNALLY ATTACHED 3 (YES/NO) 

ORIENTATION (inertial, solar, earth, other) N I A  

EXTRA-VEHICULAR ACTIVITY REQUIRED 

SET-UP: Hrs/Day No. of days 

nPERaT!Om: Elrspay No. zf days hterva! 

SERVICING: Hrs/Day No. of days Interval 

INTRA-VEHICULAR ACTIVITY REQUIRED: 

SET-UP: 0.5 Hrs/Day 1 No. of days 

OPERATIONS: 1.5 Hrs/Day 1 No. of days 1 Interval 

SERVICING: Hrs/Day No. of days Interval 

POWER REQUIRED: 

2.0 KW @r DC (circle one) 

1.5 Hrs/Day No. of days 

DATA RATE: Megabinjsccond 

83 John R. Schuster 



z 
0 
Y 

c 

). 
I- 

1 
0 
4 
L L  

C-( 

Y 

w 
c3 

0 
22 
l- 
v) 

u 
z 
w 
c3 
0 > tx u 

Y 

w 
l- 

W z 
0 
-I 

w > 
I- o 
W 
7 a 
0 

k- z 
w 
t 
e 
w 
a, 
X w 

U 

U 

4 = cc 
w 
I 
l- 

> w 
1L 
LL 
0 
w 
0 z 
4 
t cc 
0 

w 
I 
!- 

w 
I- 

I- 
v) 

s 
z 
0 

w 
c2 
0 
l- 
v, 

w > 
I- o 
w 
7 
tp 
0 

U 

Y 

W 
I 
I- 

nf 
w 
t- 
v) 

I 
0 
v) 

z 
z 
I 
0 

84 



1 
J 

3 
Y 

0 
W 
CY 

J 
4 
I- z 

W > 
CI w 

Y 
& 
w 
I- 
v) 

2 

a z 
4 

w I- 
O 
4 

& 
0 

4 
O 

w 
I 
I- 

z 
U 

W 
E 

z 
0 

>- 
0 
J e 

u z w 
O z 

D 
- 

I- z w 
O z 
0 

v) z 
0 

Y Y 

I- 

v) 
Y 

Y 

W 
v) I- z 

w 
E 
W 

& 
W e 
x w 

w 
CY 
3 

. w a 
U r w 

I- 
v) > 
v) 

I I- 
4 
I- 
v) 

LL 
U 
0 
J 
U 

U 

I- 
O 
4 
L L  
w = 
U 
I 

W 
n 

W 
& e 

W 

0 
5 

A 
V 
v) 

v 
3 
CI z 
0 
0 

5 
0 
I 
v) 

& 
W 
I- 
5 
CY 
0 
LL 

a 

1 
J 

I- 
4 
W 
LL 

I- z 

1L z 
4 

3 
U 
0 
4 

W a W 
J 
W 
I- 

(. 

& 

z 

Y 

3; 
0 

e 
W 
& 

5 
4 
J e 
W 
& 

W 
0 

v) 
2 

z 
4 

z 
0 z 

U 
0 a J 

J 
I- 

J 
4 

I- z 
W > 
0 
U 

v) 
I- 
v) 

W 
I 
I- 

z 
0 

U 

I- 

I- 
v) z 
0 
E w a 
). 
t- 
J 

s 

Y 

Y 

n z 
4 

3 
0 

n 
Y 

I 
0 
-7 is 

W 
CY 

U 

3 
I- z 
W 
E 

01 
0 
LL 

J 
w 
CY 

W 
E 
W 

Y .z s 
W 
I- z 
U 

- 
I- 

z 
3 

Y 
3 z 
0 

J . & 
0 
LL 

E3 
W 
v) 
3 

w a 
n 
1 
=> 
0 
3; 

0 
0 
Y 

CY 

W 
CI 
s W 

4 z 
4 
E 

Y 

1 
4 

1 
1 
3 
c 

Y 

z 
0 

oz 
W 

w > z 
0 
O 

s 
CY 
0 
z 
0 

n z 
4 

U 

& 
W e 
x 
W 

W 
I 

z 
0 

U 

I- 
4 -  

U 

CY 
w 
a, 
x z w  

0 
0 w 

2 
J 

n 
W z W 

& 
Y 

c I- 
W 
W 

0 
s 

fa 

3 
J 
LL 

U 
b 
0 

5 
W z 
Y 

J 
3 
v) z 

U 

I-- I- 
4 
i: 
W 
E 

3 
W 
CY 
O 

3 
W 
W 

I2 
w 
W 
Y 

W 
2 

2 
w 
I 

O z V 
Y 9 

4 

‘4 n 
W 
I 
I- 

U 

& 
U 

CY 
W > 
4 
U 

W 
I 
I- 

0 
I 

> 
CY 
W 
v) 

I- 
v) 

z 
W 
W 
0 
& 

I 
9 

I- U U 

CY 
LL 
w 
CY = 4 w  
v) a 

O 
4 
LL 

w e 
x 
W 

n z 
4 

w 
J 
I- 
I- 
=> 
I 
v) 

4 > 
W 

= \  

W z cr: 
LL 
W 
CY 

v) 
v) 
4 E 

I- 
01 
0 

I 

sw s n  U 

I 
I- 

3 

I- 

W 

& 
W 
CL 
x 
W 

Y 

% - L 

U 

v) 
I- 
v) 

4 
% 

v) 
I- 
v) 
W 
I- 

U 

J 
-I 

LL 
U 

J w 
W 
4 cz 
f 
I- 
v) 

4 > 
W 

W 
I 
I- 
v) 
I- 
v) 

W 
I 
I- 
CY 
0 
LL 

4 
iz 

W z w 
I 

n 
5 
v) 
I- z 

I- 
v) U 

i i i  
I 
I- 

J 
4 
O 

e > 
I- 
O 
I- 
O 
CY e 

Y 

i 
4 
0 u 

. .  
3 Li: 

& 
3 

z 
0 

> 
v) 

i- 
z 

f=l w 
I- 
v) 
U 
I- 

U 

& 
0 
LL 

a z 
4 

J 
O z 

!=l 
J 

Y 

n z 
Q 

I 
O 
3 
v) 

U 

I- 
4 
I- 
v) 

& 
0 
LL 

w 
v) 
3 

n 

I- 
4 
W 
L L  

I- z 

O 

z 
w v) z 

0 

W 
V 
4 
LL 
CY 
3 
v) 

w 
\ 
a 

W 
CY 

Y 

I 
I- 

W z 
0 

E 
0 
V 

e 

% 

f=l 
1 
w 
I 
v) 

FI w 
1 
0 
0 
0 

I 
CY 
0 a. 
4 > 

Y 

W 
CY 

J 

LL 
W 
CY e 
4 

Y U W 
W 
0 

% 

v) 
I- 
z 
W z 
0 e 
E 
0 
O 

3 
0 
O 

3 
Or 
W 
CY 

W 
0 
4 
0, 
v) 

3 U 

v) 

> 
0 
& e 

U 
W 
z 

c 
w 
I 
I- 

z 
O 

W 

W 
Y 

W 

0 
v) 
J 
4 

a v) 
E 
W 

n 
3 

v) 
w cr: 
3 
I- 
4 
W 
LL 

cz 
I- 
v) 

& 
W 
LL 
v) z 

I- 
s 
n 

c t3 
4 z 
4 
E 

iz 0 z -  
U 

c3 z O 
0 
Y 

1 
0 z 
U 

W 
E 
4 
v) 

W 
n 

I- 
v) 
). 
v) 

z 
0 

W 
M 

W 
I- 3 

0 
J 

-I 
J 

3; 

v) 
I- 
C/) 
w 
I- 

z 
0 

I- 

3 

U 

Y 

3 
n 

SI Y 

W 
I 
I- 
cz 
0 
LL 

- 
a 
W > 
W 
Y 

Y 

c3 z 
0 

c7 
2 
J 
LL 

U 
0 
IL 
& 
W e 
0 
I- 

W 
I - v )  
0 ) .  
W J  
& 

fr 

n 

U 

I- 
4 
t- 
v) 

z 
4 

W 
O 

Y 

k 
T 

n w 

> 
0 
CY e 

Y 

n J 
4 
I- z 
W 
E 

W 
I 
I- 

J 
0 
& 

+I e 4 

v) z 
0 

I- 

% 

Y 

s 

J 
2 
0 

U 

Y cx 
0 
v) 
W 
n 
L 

> 
J 
J 
4 
O 

v) 
4 a 

Y 

W 
& 
I 
0 
4 

I- z 
0 
O 

3 
U 

W 
O 

v) 

W 
I 

2 
O 

v) z 
0 

c 
Y 

4 W 
I 
I- 

- Y 

J 

W 
0 

% 

Y 

U 

CY 
W e 
X w 

I- z 
W 
E n- 
Y 

LL 
0 v) 

Y 
v) 

I- 

Y 

U 

2 
0 

1 
4 
5 

w 

J 
1 

a & 
k 
W 
E 
Y 

s 
W 

0 

I- 
W z c-.w 

3ce 

v) 
v) 
0 a 

2 
W 
& 

>- 
4 
tn 

I- > 
W 

W 
I 

W 
I 
3 
U 
w 

4 z 
4 
z 
0 

W a I- 

w 

85 



POSSIBLE I O C  SPACE STATION TEST ARTICLE 

H 

0 

z 
W 
CY 
0 

V 

Y 

22 

POSSIBLE STS M I S S I O N  TEST ARTICLE 

I- 
W z 
0 
A 

,/- 
i 

86 



EXPERIMENT Long Term Cryogenic Storage Facil i ty Demonstration 

1991 (Shuttle) 
PROPOSED FLIGHT DATE - 1993 (IOC Station) YEAR 

OPERATIONAL DAYS REQUIRED - 1825 

MASS - 600 

VOLUME: 

STORED W 2 X L  3.5 x H  2 P 14 M3 . 

DEPLOYED: W 2 X L  7 X H  . 6  = 84 

INTERNALLY ATTACHED NO (YES/NO) 
EXTERNALLY ATTACHED Yes (YES/NO) 
FORMATION FLYING No (YESINO) 

ORIENTATION (inertial, solar, earth, other) Earth 

EXTRA-VEHICULAR ACTIVITY REQUIRED: 

SET-UP: 16 Hrs/Day 1 No. of days 

OPERATIONS: Hrs/Day No. of days Interval 

SER-VTCINC,: 4 Hrs/Day 1 No. of days 180 Interval 

INTRA-VEHICULAR ACTIVITY REQUIRED: 

SET-UP. Hrs/Day No. of days 

OPERATIONS Hrs/Day No. of days Interval 

SERVICING: H B / h Y  No. of days Interval 

POWER REQUIRED 

1.0 KW @or DC (circle one) 

24 Hrs/Day 1825 No. of days 

DATA RATE: Megabits/second 

DATA STORAGE: Gigabits 
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ACCOMMODATION REQUIREMENTS 

STORED W I m  X L  \h r B  2rr\ = H3 

DEPLOYED w 1 m x L 1 %  x E l m  = 1-3 n3 

INTERNALLY ATTACHED ym (YES/NO) 
EXTERNALLY ATTACHED h)o (YES/NO) 
FORMATION FLYING (YES/NO) 

ORIENTATION (inertial, solar, earth, other) N€RT\  CtL 

EXTRA-VEHICULAR ACTIVITY REQUIRED: ON E 

SET-UP : Hrs/Day No. of days. 

OPERATIONS : Rrs/Day No. of days. Interva 1 

SERVICING: Hr s /Day No. of days. In t erva 1 

INTRA-VEHICULAR ACTIVITY REQUIRED: 

SET-UP : 2 Hrs/Day 10 No. of days. 

OPERATIONS : 5 Hrs/Day 10 NO. of days. Interval 

SERVICING: 1 Hrs/Day No. of days. In t erva 1 

POWER REQUIRED: 

AC or DC (c irc le  one) 1 KW 
5 Hrs/Day \b No. of days 

DATA BATE: 0.1 Hegab its/ second 

DATA STORAGE: 10 Gigabits 
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INSTRUMENT SENSOR HEAD 

E LECT? C h  IC 
CIRCLITS 5 OUANTIZED 

SURFACE WAVE 
EXPERlMEhTS 
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